The continuous blood pressure measurement research is widely known for helping the development of ambulatory blood pressure monitoring where it measures blood pressure every 15 to 30 minutes throughout the day. The cuff is a problem for the patient with Ambulatory Blood Pressure Monitor. It can make a person feel uncomfortable and must stay still when the cuff starts to inflate. It is limiting and disturbing their daily activity when the device is starting to measure the blood pressure. Blood pressure measurement without cuff is being proposed in this research, called cuff-less blood pressure measurement. It will be based on Photoplethysmography (PPG) and Electrocardiography (ECG) signal analysis. ECG (Lead 1, Lead 2, and Lead 3) with PPG signal produced from index finger on the left hand are compared and analyzed. Then the relation of PPG and ECG signal and the optimum location for daily use can be obtained. The optimum location will be based on the electrode's position that produced the optimum ECG lead Signal to measure blood pressure. Based on the result, PPG and ECG signal have a linear relation with Blood Pressure Measurement and Lead 1 is more stable in producing the ECG signal. The equation from Lead 1 appeared as one of the optimum equations for measuring Systolic Blood Pressure (SBP) or Diastolic Blood Pressure (DBP).
Introduction
Blood pressure is one of the factors regarding the body condition. Blood pressure will show the condition of the blood in the body. Blood pressure measurement is divided into two, the systolic and diastolic blood pressure measurement. The systolic blood pressure is known as blood pressure when the heart is beating and the diastolic blood pressure is known as blood pressure when the heart is relaxed. Nowadays, blood pressure monitoring also attracts people attention in viewpoint lifestyles disease prevention (Atomi et al., 2017) .
The continuous blood pressure measurement research is being done for helping the development of ambulatory blood pressure monitoring. It will allow people to maintain and observe these blood pressure changes for 24 hours. In Figure 1 , it can be seen that ambulatory blood pressure monitor is blood pressure measurement device where the monitor is connected to a cuff by plastic tube on the upper arm. The device is usually worn by people with hypertension, throughout the day even when they are sleeping. Hypertension is a condition where the blood pressure is always above normal blood pressure. There are probably 20% person that do not know when their blood pressure is high and there are no definitive causes of 90% cases in Hypertension (Hypertension and Hypotension, 2018) . Ambulatory blood pressure monitoring records the blood pressure 24 hours automatically while patients are doing their daily activities. It measures blood pressure every 15 to 30 minutes throughout the day. The ambulatory monitor can be used as a standard to predict the risk related to blood pressure. The prediction of an ambulatory monitor on clinical outcome is better than conventional blood pressure measurement (Pickering et al.,2006) . The continuous monitoring of blood pressure is impossible with digital blood pressure measurement because the measurement result is only at that time (Ma, 2014) and it has limitations and risks (Sun et al.,2016) . The cuff makes a person feel uncomfortable when measuring the blood pressure. A person with ambulatory monitor must stay still when the cuff starts to inflate (Pickering et al.,2006) .
Blood pressure measurement without cuff is being proposed in this research and by several researchers, called cuff-less blood pressure measurement. The cuff-less blood pressure measurement will be based on Photoplethysmography (PPG) and Electrocardiography (ECG) signal analysis. From the signal analysis, an equation for blood pressure measurement can be obtained and blood pressure can be measured.
To analyze the ECG and PPG signal, the ECG and PPG signal must be noiseless. To obtain it without noise is quite hard since some noises come from the environment. One factor that also effects the ECG and PPG signal result is the location of the sensor. By finding the optimum location for the sensor, The ECG (represent by Lead 1, Lead 2 and Lead 3) and PPG sensor can produce a signal without any noises. This research will focus on finding the optimum ECG location or configuration for measuring blood pressure.
This research will show the relation of ECG and PPG signal for blood pressure measurement since cuff-less blood pressure measurement is based on it. From the relation, the equation for measuring the blood pressure can be found.
The measurement of cuff-less blood pressure has some limitations too. The problem is the equation for each people is different. The equation is personalized based on their blood vessel characteristics. The measurement of Diastolic part is also hard to determine because the diastolic blood pressure does not change just because of physical activities (Joenarto, 2017) . This produces low correlation coefficients between Diastolic Blood Pressure (DBP) and parameters computed from ECG and PPG (Špulák et al., 2010) . The accuracy to determine DBP is not high as determined Systolic Blood Pressure (SBP).
Materials and Research Methodology

Materials
Photoplethysmography (PPG) Sensor
The PPG sensor is built on printed circuit board (PCB) at Swiss German University Biomedical Engineering Laboratory based on OPT101 datasheets.
The raw PPG signal has a lot of noise on the signal, band pass filter is needed to eliminate the noise. The band pass filter is made of second order High Pass Filter (HPF) and Low Pass Filter (LPF). The HPF has cutoff frequency 0.3 Hz and the LPF has cutoff frequency 5 Hz where this is set based on heartbeat 12-120 beat per minute (Ughi and Dewanto, 2018) . Notch filter is also added to remove the main noise.
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Electrocardiography (ECG) Module
The 1-Lead ECG module that will be used is commercial ECG for research that based on Integrated Circuit (IC) AD8232 but not for the medical purposes. The IC AD8232 has cutoff 0.5 Hz for the HPF and 40 Hz for the LPF. It has a lot of amplifiers, there are Instrumentation, Operational, and Right Leg Drive amplifier. The operational amplifier is set with gain 11, resulting a total system gain with 1100 (AD8232 Datasheet and Product Info, 2017). The 1-Lead ECG needed additional Notch Filter to eliminate main noises with frequency 50 Hz. The Notch Filter is built on PCB together with the notch filter for PPG Sensor. The notch filter for filtering signal ECG and PPG is built based on Notch filter circuit by Nasiqin et al, 2015. 
Data Storing and Analysis
A data acquisition program based on LabVIEW is used to store the data on a computer. The first signal analysis which determining the time difference between R-peak of ECG and the peak of PPG, will be done with peak detection program (Iskandar, 2017) and analysis further on Microsoft Excel. The Analysis on Microsoft Excel is required to find the relation of Pulse Arrival Time (PAT) -time difference between ECG and PPG peak -with blood pressure, finding the equation to measure blood pressure and calculating the accuracy of the equation. The accuracy can be determined by seeing the R 2 rate or calculating the Mean Square Error (MSE) and Root Mean Square Error (RMSE).
Digital Blood Pressure Measurement
The digital blood pressure measurement device is also needed to compare the estimation of blood pressure comes from the equation and the actual blood pressure at the time of measurement. The Digital Blood Pressure Measurement used in this research is ABN DU-120 blood pressure monitor.
Research Methodology
This research has been approved by Ethic Committee of University of Indonesia at Salemba, Central Jakarta based on the released approval letter number 0174/UN2.F1/ETIK/2018.
The first thing to do is deciding the group of the category of person. Most previous research chooses healthy young person as subjects. This research will also choose 10 healthy young people (7 Women and 3 Men) as subjects with range 21-25 years with normal Body Mass Index (BMI). The weight and height of subject will be measured and recorded on the book. The Body Mass Index is measured using BMI Calculator on open website from National Heart, Lung, and Blood Institute.
The next thing is collecting the data from the subjects. The data will be taken from the subjects 10 times with 5 minutes interval from each measurement. It was done to make the personal calibration is possible. The four electrodes are placed on right arm, left arm, right leg and left leg. The electrode on the left leg is acting as ground.
The ECG signal that is collected from the subjects is Lead 1, Lead 2, Lead 3 and PPG Signal. The ECG signal of Lead 1, Lead 2, and Lead 3 are obtained at the same time. Three 1-Lead ECG configuration modules are parallel connected and used for measuring the signal from each Lead. The PPG signal is obtained by placing the index finger of the left hand on the PPG Sensor. The data is collected for 35 seconds to make it easier for heartbeat calculation and to avoid cramps and inconvenience for the subjects. The data is taken while the subjects is on sitting position.
There are ten measurements for each subject with different preconditions, which is basically a set of resting and exercising activities to stimulate different blood pressure conditions out of the subject. The set of resting and exercising activities is as below. 1. Rest 1: the subject is on rest condition. 2. Exercise 1: the subjects will be exercising a little bit by going up and down upstairs from 3rd floor to 1st floor for 4 sets. 3. Rest-After 1: the subject is asked to rest by sitting for 5 minutes. 4. Day 2: measured on another day. The subject is on rest condition. 5. Rest 2: measured after 5 minutes interval of the fourth measurement. On this 5-minute interval, the subject is asked to sit and relax. 6. Exercise 2: the subject will run on a place for 3 minutes straight.
Proceedings of the International Conference on Innovation, Entrepreneurship and Technology, 30-31 October 2018 , BSD City, Indonesia, ISSN: 2477 -1538 203 7. Rest-After 2: measured after 5 minutes interval of the sixth measurement. During these 5 minutes, the subject needs to sit down and rest. 8. Rest 3: measured after 5 minutes interval of the seventh measurement. They need to be calm and relax. 9. Exercise 3: the last measurement of blood pressure when the subject is on exercise. For this ninth measurement, the subjects need to wait for 5 minutes after the eight measurement and then exercise by running on a place for 3 minutes. 10. Rest-After 3: the last measurement is taken 5 minutes after the ninth measurement in resting condition.
The overall steps for taking the data from the subject is shown on the Flowchart in Figure 2 below. When the signal comes from subject is clear and without noise the data can be stored in computer and analyzed on peak detection program (Iskandar, 2017) to obtain the time difference (PAT). After the time difference is obtained, personal calibration of each subject is needed. This calibration is done by finding Pulse Wave Velocity (PWV). It is done on the Microsoft Excel. After all subject have been calibrated, the optimum personalized equation and the relation its PAT to blood pressure for each subject can be obtained by plotting the PWV and average actual blood pressure.
Result and Discussion
PPG Sensor Results
The signal after being filtered is clear and readable, as shown in the graph in Figure 3 . The peak amplitude is rising from 0.14 V to 1.46 V. Entrepreneurship and Technology, 30-31 October 2018 , BSD City, Indonesia, ISSN: 2477 -1538 204 Figure 3 . PPG Signal Final Result.
Proceedings of the International Conference on Innovation,
ECG Sensor Results
The EGC signal after being filtered, is also clear and readable, as shown in the graph in Figure 4 . The signal can be used to be analyzed. 
Data Analysis
The data analysis for this research is divided into three steps, (1) the detection of Peak using peak detection program (Iskandar, 2017) ; (2) the Personal calibration; (3) the finding of equation for calculating the blood pressure.
The Detection of ECG and PPG Peak
The detection of the peak is done by inserting the data into the program. The program analyzed the peak in every 500 samples since it has 500 Hz sampling rate. First, the program detects the peak of ECG signal on every 1.03 s, it means every 500 samples. After the ECG peak is found, the program then analyzes the PPG signal. The analysis starts from PPG peak to the next PPG peak also every 1.03 s. Then, the program records the time of occurrences of ECG peaks and PPG peaks, to get the PAT from the time difference. Figure 5 illustrates the peak detection analysis. , 30-31 October 2018 , BSD City, Indonesia, ISSN: 2477 -1538 
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Figure 5: ECG and PPG signal peak detection on the program.
Personal Calibration
The second part is personal calibration of each subject. The personal calibration is needed since every person has different characteristics regarding their blood pressure. One factor that is affected the diversity of blood pressure is arterial stiffness. Every person has different arterial stiffness. This factor must be included in calibration since it has correlation with the time of blood to travel around our body, which known as PAT or PTT. The arterial stiffness can be represented by Pulse Wave Transit (PWV) time (Goli and T, 2014) . The PWV is proportionally related to the blood pressure (Ye et al, 2010) . Equation below was used to find the PWV. (Goli and T, 2014) 
PAT Relation with Blood Pressure Measurement
To clearly stated the relation of blood pressure with PAT or PTT, the linear regression is used to show the relation. Graph in Figure 6 depicts the picture of linear relation of Lead 1 on a subject. From the graph in Figure 6 , the relation of PWV and blood pressure can be clearly seen. Lead 2 and Lead 3 ECG signal and the other subject analysis is also showing that relation. Most of the subjects has graph that stated, the higher the PWV value which means the lower the PAT, the higher the blood pressure will be. This statement is supported on research called "Cuff-less continuous Blood Pressure Monitoring System Using Pulse Transit Time Techniques" (Zaki, 2016) 
and "Cuff less Continuous
Proceedings of the International Conference on Innovation, Entrepreneurship and Technology, 30-31 October 2018 , BSD City, Indonesia, ISSN: 2477 -1538 206 Non-Invasive Blood Pressure Measurement Using Pulse Transit Time Measurement" (Goli and T, 2014) . The linear model is not good enough for predicting the blood pressure but it can be used to find the relation of the PAT or PTT to measure blood pressure (Sharma et al, 2017) . This statement is supported by the data above. On some subject the linear regression is not good enough in predicting the blood pressure, then another regression is proposed to find the optimum regression.
Personal Equation for Calculating Blood Pressure
On this chapter the optimum personal equation for each subject is shown. The optimum equation is determined by R 2 rate that is obtained from the regression analysis and Mean Square Error (MSE) and Root Mean Square Error (RMSE). Table 1 is showing the optimum equation based on R 2 rate that is obtained from the regression analysis and Table 2 is showing the optimum equation based on Mean Square Error (MSE) and Root Mean Square Error (RMSE).
Based on Table 1 and Table 2 , the optimum equation for each subject and which Lead that appeared a lot to produce optimum equation can be obtained. Proceedings of the International Conference on Innovation, Entrepreneurship and Technology, 30-31 October 2018 , BSD City, Indonesia, ISSN: 2477 -1538 
Conclusion
In conclusion, the relation of PAT and blood pressure was obtained. The higher the PWV which means the shorter PAT, the higher the blood pressure will be. The general equation for measuring blood pressure is not found. The Polynomial equation appeared a lot as optimum equation. However, each subject has its own equation for measuring SBP and DBP. Lead 1 and Lead 3 appeared as one of the Lead that give the optimum equation for SBP or DBP. However, ECG Lead 1 gave more stable signal result.
